The magnetocaloric eect may be assessed indirectly by expressing it as the change in magnetic entropy in varying magnetic eld, H, as the function of temperature, T . Magnetization, M = f (T, H), may be experimentally acquired from a series of isothermal measurements with variable eld, or from a series of constant eld measurements with variable temperature. The accuracy of magnetic entropy calculation depends on the number of series in these experiments. The aim of this work is to determine how little data is sucient to obtain accurate results of magnetic entropy change calculations, on the basis of real, magnetocaloric materials. Pure gadolinium and a NiMnCuGa Heusler alloy were studied. For both materials, the magnetic entropy change and relative cooling power were calculated from both experiments, with the decreasing number of experimental data. For both materials, the constant eld experiment with only 6 eld values provided only a 5% error of calculations, as compared to the experiment with 100 eld values. The Arrott plots were also drawn for constant eld mode with 6 eld values, easily indicating the order of transition. Comparison of the calculation results suggests that the constant eld mode magnetization measurement may be more accurate and faster than isothermal mode.
Introduction
The magnetocaloric eect is a change in temperature of a magnetic material caused by changing its magnetic state. Its magnitude may be expressed directly by the temperature dierence between two magnetic states, or indirectly, by the change in specic heat, or the change in magnetic part of entropy, when varying magnetic eld is applied.
Usually, the isothermal magnetic entropy change, ∆S M (T ), is calculated from the well-known Maxwell equation
where S, B, T , and M stand for entropy, magnetic eld induction, temperature, and magnetisation respectively, 
∂M (T, H) ∂T
where H and µ 0 are magnetic eld and magnetic constant, respectively [1] . Most frequently, the M = f (T, H) For Gd, the temperature range was from 200 to 360 K, and for the NiMnCuGa alloy, the range was from 240 to 400 K. In both cases, temperature interval between isotherms was 2 K. The magnetic eld induction varied from 0 to 2 T, with the step of 0.02 T. For each eld step, its value was stabilised, then the magnetisation was measured 100 times and the arithmetic average was calculated. After the maximum eld was reached, it was reduced to zero and next temperature was set for the measurement. From these results, the arrays of M = f (T, B)
were constructed in a spreadsheet. From these arrays, values of ∆S M (T ) were calculated using the formula
where i is the number of induction of magnetic eld value (for i = 0, B = 0 T) and n is the number of induction of magnetic eld values, similarly to the formula (2) in [2] .
As the next step, the data from the arrays were gradually removed: in one case T interval was maintained original with the increase of B interval, in another case B interval was maintained original with the increase of T interval.
Such operation imitated the measurements in two modes: 
where δT FWHM is the full width at half maximum of the
Results
The dependence of magnetisation on eld and temperature for both materials is visualised in Figs. 1 and 2.
It is clear that the Heusler alloy exhibits an abrupt drop in magnetisation around 312 K, and for gadolinium the transition is rather smooth. This observation conrms that the studied materials are dierent in terms of intensity and temperature span of magnetocaloric eect. For Gd, the values of the maximum magnetic entropy change gradually decreased, dropping to −4.47 J/(kg K) for ∆T = 16 K (see Fig. 3 ), which accounts for 20% error from the reference value. For the Heusler alloy, the maximum magnetic entropy change values became dramatically incorrect already when ∆T = 4 K: the error was of 30%, and this error increased to 65% when ∆T = 16 K (see Fig. 3 ). Therefore, the increase of interval between isothermal measurements simply causes that the ∂M/∂T derivative (here:
In the case of Gd, the second order transition from ferromagnetic to paramagnetic state occurs in a wider tem- (Fig. 5) . These results, obtained for two studied materials, diering in the magnetic behaviour, indicate that it is not necessary to run an experiment with a large number of eld values, and only 6 elds is a sufcient number to stay in a 5% error margin. Such error may be acceptable considering that other errors emerging from the experimental techniques are claimed to be in the 510% range [1] . 
Conclusions
In this work, two dierent approaches of magnetisation vs. temperature and eld data acquisition were presented from the viewpoint of accuracy of calculation of magnetic entropy change due to magnetocaloric eect. Mag-netic properties of two dissimilar materials, with smooth, 2nd order phase transition (Gd) and sharp, 1st order phase transition (Ni(Mn,Cu)Ga alloy), were measured.
It was found that measurement of M = f (T, H) dependence in constant eld mode, with only 6 values of eld, is sucient to keep the error of calculated magnetic entropy change within 5%, regardless of the material. The constant eld mode measurements may also improve the temperature resolution of the magnetocaloric eect examination as compared to isothermal measurements with arbitrary temperature selection.
